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LQWHUQDWLRQDOFOLPDWHSROLF\SLFNVXSDSXVKDWWKHZHOORUJDQL]HGWK&RQIHUHQFHRIWKH3DUWLHVLQ
&DQFXQ0H[LFRZKLFKVHWDQXPEHURISROLFLHVDQGVWUDWHJLHVWRUHGXFH&2HPLVVLRQV>@

7KHPDLQSUREOHPLQ WKHFDVHRIFOLPDWHFKDQJHLVDQHQHUJ\V\VWHPEDVHGRQIRVVLO IXHOV WKDW LVQR
ORQJHUHIILFLHQWDQGLVPDLQO\UHVSRQVLEOHIRUWKHULVHLQ&2HPLVVLRQV>@+RZHYHUUHQHZDEOHHQHUJ\
SURYLGHVRQHRIWKHOHDGLQJVROXWLRQVWRWKHFOLPDWHFKDQJHLVVXH%\SURYLGLQJDORZ&2HPLVVLRQVVRXUFH
RISRZHUKHDWFRROLQJDQGWUDQVSRUWIXHOVUHQHZDEOHHQHUJ\RSWLRQVVXFKDVZLQGVRODUELRPDVVK\GUR
ZDYHDQGWLGDOHQHUJ\RIIHUDVDIHWUDQVLWLRQWRDORZHPLVVLRQVLPSDFW%DQN1RZDGD\VPDQ\
FRXQWULHVKDYHFRQVLGHUHGDFOLPDWHFKDQJHSURJUDPLQFOXGLQJUHVSRQVLELOLW\VKDULQJRI&2HPLVVLRQV
UHGXFWLRQVDQGUHQHZDEOHHQHUJ\WDUJHWV6XFKHQHUJ\RIIHUVVDIHUHOLDEOHDQGLQFUHDVLQJO\FRVWHIIHFWLYH
DOWHUQDWLYHVIRUDOOWKHHQHUJ\QHHGVPDLQO\KHDWLQJFRROLQJHOHFWULFLW\DQGPRWLYHSRZHUIRUWUDQVSRUW
>@

8UEDQDUHDVFRQWULEXWHWRWKHFRQVXPSWLRQRIHQHUJ\GXHWRLQGXVWULDOL]DWLRQDQGXUEDQL]DWLRQDFWLYLWLHV
<HW E\ FRQVLGHULQJ HQHUJ\HIILFLHQW VROXWLRQV XUEDQ DUHDV FDQ SOD\ D YLWDO UROH LQ UHGXFLQJ SHU FDSLWD
FRQVXPSWLRQWKURXJKFKDQJHVLQWKHSK\VLFDOFRQILJXUDWLRQRIVSDFH7KHVHVROXWLRQVVKRXOGFRQVLGHUWKH
XUEDQIRUPVDQGSDWWHUQVWKDWUHYROYHDURXQGWKHSXEOLFVSDFHVEHFDXVHLWLQYROYHVDQGDIIHFWVWKHFLW\DQG
LWVFLWL]HQV5HQHZDEOH(QHUJ\7HFKQRORJLHV5(7VDUHFRQVLGHUHGDVRQHRIWKHVHVROXWLRQVIRUHQHUJ\
JHQHUDWLRQ

7KHREMHFWLYHRI WKLVSDSHULV WRLQVWDOO WKH5(7VLQWKHSXEOLFUHDOPWRPDNHWKHVSDFHPRUHHQHUJ\
HIILFLHQW7KHUHIRUHWKHSDSHUDLPVWRDQDO\]HWKHSRWHQWLDOLW\RILQVWDOOLQJ5(7VZLWKLQWKHSXEOLFVSDFHV
DVZHOODVLWVHIIHFWDQGOLPLWDWLRQV
7RDFKLHYHWKLVDLPWKHIROORZLQJPHWKRGRORJ\LVDGRSWHGILUVWDGHILQLWLRQRIWKHSXEOLFUHDOPSK\VLFDO
DVSHFWV LGHQWLI\LQJ LWV PDLQ FULWHULD IRUPLQJ WKH LQLWLDO D[LV RI WKH IUDPHZRUN SDUW $ 6HFRQGO\ D
GHILQLWLRQRI5(7VDQGWKHLUFODVVLILFDWLRQLGHQWLI\LQJGLIIHUHQWW\SHVXVHGDFURVVWKHOLWHUDWXUHIRUPLQJWKH
KRUL]RQWDOD[LVRIWKHIUDPHZRUN3DUW%)LQDOO\WKURXJKDGLVFXVVLRQRIWKHUHTXLUHGLQSXWVDQGRXWSXWV
RI5(7VDUHILQHGIUDPHZRUNLVUHDFKHGWKDWFRQVLVWVRIWKHSK\VLFDODVSHFWVDQGWKHVXLWDEOH5(7VLQWKH
SXEOLFUHDOP
7KH3XEOLF5HDOPDQG,WV3K\VLFDO$VSHFWV
3XEOLFUHDOPLVGHILQHGDVVSDFHWKDWLVVKDUHGFRPPXQDOO\E\WKHSXEOLF$VVXFFHVVIXOSXEOLFVSDFHV
UHVSRQGWRVRFLHWDOFKDQJHVWKH\HQFRXUDJHKXPDQJURZWKDQGFRQWULEXWHWRWKHVXUYLYDORIDFXOWXUH7KH\
DUHXVXDOO\VLWXDWHGLQDFHQWUDOORFDWLRQRIWHQQHDUPDLQFLUFXODWLRQSDWKVRUWKHFURVVLQJRIVXFKURXWHVDQG
DUH ZHOO XVHG E\ SHGHVWULDQV >@ 3XEOLF VSDFHV LQFOXGH SDUNV SOD]DV SHGHVWULDQ SDWKZD\V VWUHHWV
VWUHHWVFDSHDQGEXLOGLQJLQWHUIDFHV7KHPDLQWKUHHHOHPHQWVWKDWLQIOXHQFHWKHSXEOLFUHDOPDUHWKH
EXLOGLQJVWKDWHQFORVHDQGGHILQHWKHVSDFHWKHVSDFHLWVHOIDQGWKHSHRSOHWKDWLQKDELWWKHSXEOLFUHDOPDQG
WKHZD\WKH\XVHWKHVSDFH>@7KRVHHOHPHQWVLQGLFDWHWKHLQWHJUDWLRQEHWZHHQWKHSK\VLFDODQGVRFLDO
DVSHFWVRIWKHSXEOLFUHDOP>@
1RWZLWKVWDQGLQJWKHVRFLDODVSHFWVRISXEOLFUHDOPWKHUHVHDUFKIRFXVHVRQSK\VLFDOLQWHUYHQWLRQVWRWKH
SXEOLFUHDOPLQVRIDUDVWKH\SHUWDLQWRWKHLPSOHPHQWDWLRQRI5(7V+HQFHSK\VLFDODVSHFWVFDQEHGHILQHG
WKURXJKWKUHHPDLQHOHPHQWVWKH(QFORVXUHWKHVSDFHLWVHOI(QFORVLQJHOHPHQWVGHILQLQJWKHVSDFHDQG
HOHPHQWVZLWKLQHQFORVXUHHQKDQFLQJWKHXVHRIVSDFH

(QFORVXUH

(QFORVXUHPHDVXUHVWKHGHJUHHWRZKLFKVWUHHWVDQGRWKHUSXEOLFVSDFHVDUHYLVXDOO\GHILQHGE\
EXLOGLQJV ZDOOV WUHHV DQG RWKHU YHUWLFDO HOHPHQWV 6SDFHV ZKHUH WKH KHLJKW RI YHUWLFDO HOHPHQWV LV
SURSRUWLRQDOO\UHODWHGWRWKHZLGWKRIWKHVSDFHEHWZHHQWKHPKDYHDSURSHUTXDOLW\>@$FURVVVHFWLRQDO
GHVLJQUDWLRRIDSSUR[LPDWHO\RQHKHLJKWWRWZRZLGWKRUOHVVFUHDWHVDSURSHUVFDOHGLPDJHDORQJWKHVWUHHW
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>@(QFORVXUHLVIRUPHGE\OLQLQJWKHVWUHHWRUSOD]DZLWKXQEURNHQEXLOGLQJIURQWVRIDSSUR[LPDWHO\HTXDO
KHLJKW7KHEXLOGLQJVEHFRPHWKHZDOOVRIWKHRXWGRRUURRPWKHVWUHHWDQGVLGHZDONVEHFRPHWKHIORRUDQG
LIWKHEXLOGLQJVDUHDSSUR[LPDWHO\HTXDOKHLJKWWKHVN\OLQHORRNVOLNHDQLQYLVLEOHFHLOLQJ>@)LJXUH
VKRZVWKHGLIIHUHQFHEHWZHHQDZHOOHQFORVHGVWUHHWDQGDSRRUO\HQFORVHGRQH$SHGHVWULDQRQWKHZHOO
HQFORVHGVWUHHWLVUHDFKHGE\DFRQWLQXRXVURZRISHGHVWULDQVFDOHVWRUHIURQWVZKLOHDSHGHVWULDQRQWKH
SRRUO\HQFORVHGVWUHHWLVPHWE\DQH[FHVVRIHPSW\VSDFHPRVWO\SDUNLQJORWVDQGLVODFNHGE\WKHYDVW
GLVWDQFHVEHWZHHQLQWHUHVWLQJHOHPHQWV>@
'HILQLQJWKHVSDFHZLWKLQWKHHQFORVXUHFDQEHIXOILOOHGE\EXLOGLQJPDVVVWUHHWWUHHVYLVXDOWHUPLQDWLRQ
SRLQWVDQGVWUHHWQHWZRUN6WUHHWWUHHVFDQGHILQHWKHVSDFHERWKKRUL]RQWDOO\DQGYHUWLFDOO\+RUL]RQWDOO\
E\YLVXDOO\HQFORVLQJRUFRPSOHWLQJDQDUHDRIRSHQVSDFH9HUWLFDOO\E\FUHDWLQJDQDLU\FHLOLQJRIEUDQFKHV
DQGOHDYHV5RZVRIWUHHVRQERWKVLGHVRIDVWUHHWFDQKXPDQL]HWKHKHLJKW±WRZLGWKSURSRUWLRQV>@
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)LJXUH(QFORVXUH7\SHV6RXUFH-DVNLHZLF]






(QFORVLQJ(OHPHQWV

(QFORVLQJHOHPHQWVDUHWKHZD\WKHVXUIDFHVDIRUPWKHKRUL]RQWDOSODQHVRIWKHSXEOLFUHDOPEIRUP
YHUWLFDODQGLQFOLQHGSODQHVWKDWERXQGWKHSODFHDQGFDUHSHQHWUDWHGE\HQWUDQFHVRUSRUWVODUJHO\GHILQHV
WKHRYHUDOOYLVXDOSRWHQWLDORISDUWLFXODUSODFHVDQGOLQNV/DQJ7KH\FRQVLVWRIVSHFLILFPDWHULDOV
RIVSHFLILFFRORUVDQGRWKHUTXDOLWLHVVXFKDVGHJUHHRIRSDFLW\KDUGQHVVDQGGXUDELOLW\1DWXUDOHOHPHQWV
FDQEHXVHGWRGHILQHWKHOLPLWDWLRQVRIEHKDYLRUVHWWLQJVDVPXFKDVDUWLILFLDOHOHPHQWV7UHHVKHGJHVDQG
HYHQDLUPRYHPHQWFDQEHVSDFHHQFORVLQJHOHPHQWVDVPXFKDVZDOOV>@
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
(OHPHQWVZLWKLQ(QFORVXUH

2XWGRRURSHQVSDFHVIRUYDU\LQJIXQFWLRQVVXFKDVVLGHZDONVSHGHVWULDQZD\VELNHZD\VEULGJHVSOD]DV
 QRGHV VTXDUHV WUDQVSRUWDWLRQ KXEV JDWHZD\V SDUNV ZDWHU IURQWV QDWXUDO IHDWXUHV YLHZ FRUULGRUV
ODQGPDUNVDQGEXLOGLQJLQWHUIDFHVDQGDUWLFXODWLRQVDUHFRQVLGHUHGDVWKHSXEOLFUHDOPHQFORVLQJHOHPHQWV
:LWKWKHLUPXOWLSRWHQWLDOIXQFWLRQVWKH\FRXOGPDNHKLJKTXDOLW\SXEOLFSODFHVZKLFKDUHYLWDOIRUFUHDWLQJ
SOHDVDQWVRFLDOO\LQFOXVLYHFRPPXQLWLHV/LP)LJXUHVKRZVWKHPDLQHOHPHQWVZLWKLQDVWUHHW
VHFWLRQZKLFKDUH
 6WUHHWVFDSH
 6XUIDFLQJ
 /DQGVFDSH

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









)LJXUH(QFORVLQJHOHPHQWV	HOHPHQWVZLWKLQWKHHQFORVXUHLQWKHVWUHHWVHFWLRQ
VRXUFHKWWSZZZSODQHWL]HQFRPQRGH

 5(7V&ODVVLILFDWLRQDQG7\SHV
5HQHZDEOH(QHUJ\5(LVDWHUPIRUDQ\XVHDEOHHQHUJ\WKDWLVKDUQHVVHGIURPQDWXUDOUHVRXUFHVWKDWLV
HLWKHUEDVLFDOO\XQOLPLWHGVXFKDVVXQOLJKWRUWKHUPDOHQHUJ\JHQHUDWHGDQGVWRUHGLQWKH(DUWKRUQDWXUDOO\
UHSODFHGLQDVXLWDEOHPDQQHURQDKXPDQWLPHVFDOHVXFKDVHQHUJ\GHULYHGIURPZRRG$FRPPRQO\
FLWHGGHILQLWLRQLV WKDWSURYLGHGE\WKH,QWHUQDWLRQDO(QHUJ\$JHQF\,($³5HQHZDEOHHQHUJ\LV
GHULYHGIURPQDWXUDOSURFHVVHVWKDWDUHUHSOHQLVKHGFRQVWDQWO\,QLWVYDULRXVIRUPVLWGHULYHVGLUHFWO\RU
LQGLUHFWO\IURPWKHVXQRUIURPKHDWJHQHUDWHGGHHSZLWKLQWKHHDUWK,QFOXGHGLQWKHGHILQLWLRQLVHQHUJ\
JHQHUDWHG IURP VRODU ZLQG ELRPDVV JHRWKHUPDO K\GURSRZHU DQG RFHDQ UHVRXUFHV DQG ELRIXHOV DQG
K\GURJHQGHULYHGIURPUHQHZDEOHUHVRXUFHV´7KLVGHILQLWLRQLVXVHGE\WKH8QLWHG1DWLRQV(QYLURQPHQW
3URJUDP>@

5(7V&ODVVLILFDWLRQ
:KLOHWKHUHLVQRVLQJOHDJUHHGRQFDWHJRUL]DWLRQWRFODVVLI\WKH5(7VLQUHIHUHQFHWRVHYHUDODXWKRUVD
JHQHUDOFODVVLILFDWLRQFDQEHEDVHGRQWKHIROORZLQJWHFKQRORJLHV
5(7VWKDWKDUQHVVWKH5(VRXUFHVZKLFKDUH7KHUPDOHQHUJ\WHFKQRORJ\.LQHWLFPHFKDQLFDO(QHUJ\
WHFKQRORJ\FKHPLFDOHQHUJ\WHFKQRORJ\DQGHOHFWULFDOHQHUJ\WHFKQRORJ\7KLVFODVVLILFDWLRQLVEDVHGRQ
WKHSULPDU\WHFKQLTXHRIH[WUDFWLQJWKHHQHUJ\IURPUHQHZDEOHVRXUFHHJVRODUHQHUJ\WKHUPDOSRZHUSODQW
VRODUKHDWHUVJHRWKHUPDOSRZHUSODQW2FHDQ WKHUPDOHQHUJ\$QRWKHUH[DPSOH LVNLQHWLFHQHUJ\ZLQG
WXUELQHK\GURWXUELQHIRRWVWHSVWLOHVHWF>@5HJDUGLQJWRWKHVFRSHRIWKLVUHVHDUFKLQVWXG\LQJWKH
LPSDFWRI WKH5(7VLPSOHPHQWDWLRQZLWKLQ WKHSXEOLFUHDOP WKHUPDOHQHUJ\WHFKQRORJ\NLQHWLFHQHUJ\
WHFKQRORJ\ DQG HOHFWULFDO HQHUJ\ WHFKQRORJ\ ZLOO EH WKUHH FRQVLGHUHG LQ FODVVLI\LQJ WKH 5(7V XVHG
&KHPLFDOHQHUJ\LVQRW LQFOXGHGZLWKLQWKLVFODVVLILFDWLRQEHFDXVHRI LWVVSHFLDOWLHVLQ  LQWHUWZLQHGZLWK
FKHPLVWU\DQGHQYLURQPHQWDOVWXGLHVZKLFKFRQFHUQVPRUHZLWKEXUQHUVDQGFKHPLFDOHQJLQHVRIDOONLQGV
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JUDWHVDQGLQFLQHUDWRUVDORQJZLWKWKHLUHQHUJ\HIILFLHQF\SROOXWLRQDQGRSHUDWLRQDOVDIHW\>@7KLVNLQG
RIHQHUJ\KDVOHVVUHOHYDQFHLQVWXG\LQJWKHLPSDFWRIDSSO\LQJWKH5(7VZLWKLQWKHSXEOLFUHDOP7KH
V\VWHPVPHQWLRQHGEHORZXQGHUHDFK WHFKQRORJ\KDYHEHHQVHOHFWHGDFFRUGLQJ WR WKHSRWHQWLDORI WKHLU
LPSOHPHQWDWLRQLQDQXUEDQDUHDLQLWVZLGHUFDSDFLW\DQGVFDOH

7KHUPDOHQHUJ\WHFKQRORJ\
 6RODUZDWHUKHDWLQJV\VWHP
 5RDGVHQHUJ\V\VWHP

.LQHWLF0HFKDQLFDOHQHUJ\WHFKQRORJ\
 *ULGFRQQHFWHGZLQGWXUELQHV
 6WDQGDORQHZLQGWXUELQHV
 )RRWVWHSVHQHUJ\

(OHFWULFDOHQHUJ\WHFKQRORJ\
 %XLOGLQJLQWHJUDWHG39
 39OLJKWLQJ

7KHIUDPHZRUNZKLFKIROORZV7DEOHZLOOLQFOXGHDOOWKHSK\VLFDODVSHFWVLQWKHSXEOLFUHDOP3DUW$
DQGWKH5(7VGLIIHUHQWV\VWHPVWKDWFDQEHLPSOHPHQWHGLQDQXUEDQDUHD3DUW%5(7VZLOOEHIXUWKHU
DQDO\]HGLQWKHQH[WVHFWLRQLQDFFRUGDQFHWRWKHLUVXLWDELOLW\WRWKHSXEOLFUHDOPLQSDUWLFXODULQRUGHUWR
UHDFKWKHUHILQHGIUDPHZRUN7DEOHZKLFKZLOO LQFOXGHWKHVXLWDEOH5(7VDVWKH\PDWFKWKHSK\VLFDO
DVSHFWVRIWKHSXEOLFUHDOP




5(7V6XLWDELOLW\WRWKH3XEOLF5HDOP

$Q\V\VWHPLQWHUDFWVZLWKWKHHQYLURQPHQWE\PHDQVRILQSXWDQGRXWSXW,QSXWLVZKDWHQWHUVWKHV\VWHP
IURPRXWVLGHDQGRXWSXWLVZKDWOHDYHVWKHV\VWHPWRWKHHQYLURQPHQW>@>@,QRUGHUWRDQDO\]HWKH
5(7VGLIIHUHQWV\VWHPVLQSXWVDQGRXWSXWVVKDOOEHGHWHUPLQHG
^ŽůĂƌǁĂƚĞƌŚĞĂƚŝŶŐ ZŽĂĚƐĞŶĞƌŐǇƐǇƐƚĞŵ
'ƌŝĚͲĐŽŶŶĞĐƚĞĚǁŝŶĚ
ƚƵƌďŝŶĞƐ
^ƚĂŶĚͲĂůŽŶĞǁŝŶĚƚƵƌďŝŶĞƐ &ŽŽƚƐƚĞƉƐĞŶĞƌŐǇ /Ws Ws>ŝŐŚƚŝŶŐ
ƵŝůĚŝŶŐDĂƐƐ
^ƚƌĞĞƚƚƌĞĞƐ
sŝƐƵĂůƚĞƌŵŝŶĂƚĞ
ƉŽŝŶƚƐ
^ƚƌĞĞƚŶĞƚǁŽƌŬ
,ŽƌŝǌŽŶƚĂůƉůĂŶĞƐ
sĞƌƚŝĐĂůΘ/ŶĐůŝŶĞĚ
WĞŶĞƚƌĂƚĞĚďǇ
ĞŶƚƌĂŶĐĞƐ
ZĞŶĞǁĂďůĞŶĞƌŐǇdĞĐŚŶŽůŽŐǇ
WĂƌƚ
WŚ
ǇƐ
ŝĐ
Ăů

ƐƉ
ĞĐ
ƚƐ
Ϳ

ŶĐ
ůŽ
ƐƵ
ƌĞ
ϭͿ
^
ĐĂ
ůĞ
ͬƌ
Ăƚ
ŝŽ
Ϳ

ŶĐ
ůŽ
ƐŝŶ
Ő
ů
Ğŵ
ĞŶ
ƚƐ
ϭͿ
&
Žƌ
ŵ
Ăƚ
ƚŝŶ
Ő
ƚŚ
Ğ
ƐƵ
ƌĨ
ĂĐ
Ğ
Ϳ

ůĞ
ŵ
ĞŶ
ƚƐ
ǁ
ŝƚŚ
ŝŶ

ĞŶ
Đů
ŽƐ
Ƶƌ
Ğ
^ƚƌĞĞƚƐƉĂĐĞ
^ƵƌĨĂĐŝŶŐ
>ĂŶĚƐĐĂƉĞ
dŚĞƌŵĂůŶĞƌŐǇdĞĐŚŶŽůŽŐǇ <ŝŶĞƚŝĐŶĞƌŐǇdĞĐŚŶŽůŽŐǇ ůĞĐƚƌŝĐĂůŶĞƌŐǇdĞĐŚŶŽůŽŐǇ
WƵďůŝĐZĞĂůŵƐƉĞĐƚƐ
WĂƌƚ
7DEOH3K\VLFDODVSHFWVDQG5(7V3DUW$	3DUW%
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
7KHLQSXWVWKDWZLOOEHFRQVLGHUHGLQWKLVVHFWLRQDUHWKHFRQVWUDLQWVWKDWZLOODIIHFWWKHV\VWHPLQVWDOODWLRQ
ZKLFKDUHWKHWHFKQRORJ\LQVWDOODWLRQWRROVDQGWKHSXEOLFVSDFHLQVWDOODWLRQODQGUHTXLUHPHQWZKHWKHULW
UHODWHVWRWKHHQFORVXUHWKDWIRUPVWKHVSDFHRU WKHHQFORVLQJHOHPHQWVIRUPLQJWKHVXUIDFHRUHOHPHQWV
ZLWKLQHQFORVXUHWKDWGHWDLOVWKHVSDFHDQGWKHVXUIDFH+RZHYHUWKHRXWSXWZLOOEHWKHHQGXVHVIRUHDFK
V\VWHPDQGWKHHQHUJ\SURGXFHG%\DQDO\]LQJHDFKV\VWHPDFFRUGLQJWRLWVLQSXWDQGRXWSXWWKHUHZLOOEH
D EHWWHU XQGHUVWDQGLQJ IRU HDFK WHFKQRORJ\ XVDJH ZKHWKHU LW KDV WKH SRWHQWLDO WR EH
GHSOR\HGXWLOL]HGLQVWDOOHGZLWKLQWKHSXEOLFUHDOPRUQRW
'HWHUPLQDWLRQRIWKHLQSXWVDQGRXWSXWVZLOODVVLVWLQFKRRVLQJWKHVXLWDEOH5(7V0RUHRYHUWKHFKRLFH
RI5(7GHSHQGVRQWKHEDODQFHRIWKHHQHUJ\GHPDQGWKHRSSRUWXQLW\WRLQVWDOORQVLWHDQGWKHH[LVWLQJ
VXSSO\QHWZRUN LQ WKH VLWH7KH FULWHULD WR FKRRVHZLOO EH LQFOXGHGZLWKLQ WKH IROORZLQJSRLQWV DQG WKH
WHFKQLFDO FRQFOXVLRQ DW WKH HQG RI WKLV FKDSWHU ZLOO IXUWKHU H[SODLQ WKHVH SRLQWV LQ WHUPV RI WKH 5(7V
PHQWLRQHGEHORZ>@
 'HWHUPLQHWKHFXUUHQWPL[RIHQHUJ\XVHGHOHFWULFLW\KHDWLQJRUFRROLQJRUDPL[WXUHRIERWK
 'HWHUPLQHZKHWKHUWKHHQHUJ\GHPDQGLVFRQVWDQWRUIOXFWXDWHEHWZHHQGD\DQGQLJKWDQGEHWZHHQ
VHDVRQV
 'HWHUPLQHWKHLQWHUPLWWHQWQDWXUHRIFHUWDLQWHFKQRORJLHV
 ,VJULGUHLQIRUFHPHQWQHHGHGWRWUDQVIHUSRZHULQDQGRXWWKHVLWH"



7KHUPDOHQHUJ\WHFKQRORJ\
6RODUZDWHUKHDWLQJ

7KHSULQFLSOHRIWKHVRODUZDWHUKHDWLQJV\VWHPLVWRKHDWZDWHUXVXDOO\LQDVSHFLDOFROOHFWRUDQGVWRUHLW
LQDWDQNXQWLOUHTXLUHG
7KH LQSXWV IRU WKLV V\VWHP LQ WKH WHFKQRORJ\ LQVWDOODWLRQ WRROVDUH WKH&ROOHFWRUV WKDWDUHGHVLJQHG WR
FROOHFWWKHKHDWLQWKHPRVWHIILFLHQWZD\XVXDOO\LQWRDKHDWWUDQVIHUIOXLGZKLFKWKHQWUDQVIHUVLWVKHDWWR
WKHZDWHU LQ WKH VWRUDJH WDQN 7KH WZRPDLQ W\SHV RI FROOHFWRU DUH IODW SODWH DQG HYDFXDWHG WXEH 7KH
FKHDSHVWWHFKQRORJ\DYDLODEOHDQGWKHVLPSOHVWWRLQVWDOOLVDWKHUPRVLSKRQV\VWHPZKLFKXVHVWKHQDWXUDO
WHQGHQF\RIKHDWHGZDWHU WRULVHDQGFRROHUZDWHUWRIDOOWRSHUIRUPWKHKHDWFROOHFWLRQWDVN$VWKHVXQ
VKLQHV RQ WKH FROOHFWRUZDWHU LQVLGH WKH FROOHFWRU IORZWXEHV LV KHDWHG$V LW KHDWV WKLVZDWHU H[SDQGV
VOLJKWO\DQGEHFRPHV OLJKWHU WKDQ WKHFROGZDWHU LQ WKHVRODU VWRUDJH WDQNPRXQWHGDERYH WKHFROOHFWRU
*UDYLW\WKHQSXOOVWKHKHDYLHUFROGZDWHUGRZQIURPWKHWDQNDQGLQWRWKHFROOHFWRULQOHW7KHFROGZDWHU
SXVKHVWKHKHDWHGZDWHUWKURXJKWKHFROOHFWRURXWOHWDQGLQWRWKHWRSRIWKHWDQNWKXVKHDWLQJWKHZDWHULQ
WKHWDQN$QH[DPSOHRIDWKHUPRVLSKRQV\VWHPLVVKRZQLQILJXUH7KHRWKHULQSXWRIWKLVV\VWHPLV
IXQGDPHQWDOUHTXLUHPHQWRIODQGIRUDVRODUV\VWHPLVWRKDYHDVXQQ\ORFDWLRQZKHUHVRODUFROOHFWRUVFDQ
IXQFWLRQSURSHUO\/RFDWLRQVZHUHWKHVXQLVEORFNHGIURPWKHFROOHFWRUVE\WKHVORSHRUDVSHFWRIWKHODQG
WUHHVQHLJKERULQJEXLOGLQJVRURWKHUREVWUXFWLRQVZLOOUHGXFHHIILFLHQF\6RODUFROOHFWRUVQHHGWREHSODFHG
ZKHUHSOHQW\RIVXQVKLQHVWULNHVWKHVXUIDFHRIWKHFROOHFWRUV\HDUURXQG>@
7KHRXWSXWVDUHWKHXVHVDQGWKHHQHUJ\SURGXFHGZKLFKLVVKRZQLQWKLVH[DPSOHWRKHDWOLWHUVRI
ZDWHU WKURXJK D WHPSHUDWXUH ULVH RI R & ZLWK D VLPSOH IODW SODWH VRODU FROOHFWRU UHTXLUHV RQO\
DSSUR[LPDWHO\ P RI FROOHFWRU DUHD EXW VDYHV DSSUR[  NJRIZRRG IXHO WKDWZRXOG QRUPDOO\ EH
UHTXLUHGWRKHDWWKLVTXDQWLW\RIZDWHU>@
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)LJXUH6RXUFHKWWSVRODUV\VWHPLQGRQHVLDFRP

*HQHUDWLRQDQGVDYLQJRIHQHUJ\YLDDVSKDOWSDYHPHQWVXUIDFH
7KHWHFKQRORJ\XVHVWKHSULQFLSOHWKDWDWDFHUWDLQXQGHUJURXQGOHYHOWKHJURXQGKDVWKHDELOLW\WRVWRUH
WKHUPDOHQHUJ\IRUDVXEVWDQWLDOSHULRGRIWLPH7KHLQSXWVWHFKQRORJLFDOLQSXWVFDQEHH[SODLQHGE\
'XULQJWKHZDUPVHDVRQZDWHUIURPWKHFROGVWRUHDWDURXQG&LVSDVVHGWKURXJKDKHDW
H[FKDQJHUSURYLGLQJGLUHFWFRROLQJZDWHUWRWKHEXLOGLQJ7KHKHDWSXPSLVDYDLODEOHDXWRPDWLFDOO\DV
VXSSRUWLQSHULRGVRISHDNGHPDQG7KHZDUPVWRUHFLUFXLWZDWHUZLOOSLFNXSHQHUJ\IURPWKHEXLOGLQJ
DQGWKXVEHUDLVHGLQWHPSHUDWXUHWRDURXQG&RUKLJKHUIRUIUHVKDLUORDG7KLVZDWHUWKH
WHPSHUDWXUHRIZKLFKLVKLJKHUWKDQWKHQDWXUDOJURXQGZDWHUWHPSHUDWXUHZLOOEHUXQWRDQXQGHUJURXQG
ÄZDUPHQHUJ\ெVWRUH7KHKHDWVWRUHGLQWKHZDUPHQHUJ\VWRUHLVXVHGIRUKHDWLQJGXULQJWKHZLQWHU
:DWHUIURPWKHVWRUHDWDURXQG&LVSDVVHGWKURXJKDKHDWH[FKDQJHUDQGFRQQHFWHGLQWRDKHDWSXPS
ZKLFKLQWXUQSURYLGHVZDWHUDURXQG&IRUXVHLQEXLOGLQJKHDWLQJ:KLOHWKHJURXQGZDWHUSDVVHV
WKURXJKWKHKHDWSXPSLWFRROVWRDURXQG&7KHFRROHGZDWHULVUXQWRWKHXQGHUJURXQGÄFROGHQHUJ\ெ
VWRUH7KHFROGVWRUHGLQWKHÄFROGHQHUJ\ெVWRUHLVXVHGIRUFRROLQJFRPSOHWLQJWKHDQQXDOF\FOH$Q\
H[FHVVKHDWRUFROGLQWKHV\VWHPRYHUD\HDULVEDODQFHGXVLQJDQH[WHUQDOKHDWH[FKDQJHU,QSDUDOOHOWKH
URDGLVWKHVHFRQGPDMRUEHQHILWEHFDXVHZLWKWKHPRYHPHQWRIZDWHUWKURXJKLWIRUGLIIHUHQWVHDVRQVLW
FDQDYRLGH[FHVVLYHWHPSHUDWXUHV>@ILJXUH/DQGUHTXLUHPHQW7KHUHLVDFHUWDLQFODVVLILFDWLRQRI
VWUHHWVDFFRUGLQJWRGLIIHUHQWOHYHOVRIHPSKDVLVRQPRWRUYHKLFOHPRYHPHQWYHUVXVGLUHFWDFFHVVWR
SURSHUW\>@WKLVWHFKQRORJ\KDVEHHQXVHGLQ%HOJLXPLQDQHLJKERUKRRGVWUHHWOHYHODQGKDVDZLGH
UDQJHRIDSSOLFDWLRQV,QSDUWLFXODULWLVVXLWDEOHIRUODUJHVFDOHDQGPL[HGXVHGHYHORSPHQWV,WVEHQHILWV
FDQDOVREHXVHGLQFRPPHUFLDOEXLOGLQJVRIILFHEXLOGLQJVDQGODUJHUHVLGHQWLDOHVWDWHVFDPSXVVLWHVLQ
HGXFDWLRQDORUKHDOWKVHFWRUVDQGIRULQGXVWULDOFRROLQJ7KHRXWSXWV7KHPDLQEHQHILFLDU\XVHVRIWKHWKLV
WHFKQRORJ\DUHEXLOGLQJVKRXVHVRUUHVLGHQFLHVWKDWWKHVHZLOOZLQDQHQHUJ\VXSSOHPHQWDVZHOODVWKH
VWUHHWVWKDWZLOOEHFRROHGWKHUHIRUHWKHRXWGRRUHQYLURQPHQWZLOOEHEHWWHUIRUWKHSHRSOHZKRDUHXVLQJLW
>@



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)LJXUH6RXUFH3DX%OD\D

.LQHWLFHQHUJ\
:LQGWXUELQHVJHQHUDWLQJHOHFWULFLW\

6HYHUDOWXUELQHW\SHVH[LVWEXWSUHVHQWO\WKHPRVWFRPPRQFRQILJXUDWLRQKDVEHFRPHWKHKRUL]RQWDOD[LV
WKUHHEODGHGWXUELQHDVVKRZQLQILJXUH
7KHLQSXWVWHFKQRORJLFDOLQSXWV7KHURWRUPD\EHSRVLWLRQHGXSRUGRZQZLQGDOWKRXJKWKHIRUPHULV
SUREDEO\WKHPRVWFRPPRQ/DQGUHTXLUHPHQWVGHSHQGRQWKHZLQGWXUELQHLWVHOIZKLFKYDULHVLQVL]HZLWK
WZRPDUNHWUDQJHVVPDOOXQLWVXVHGPDLQO\IRUUXUDODQGVWDQGDORQHSRZHUV\VWHPVDQGODUJHXQLWVIURP
XVHGIRUODUJHVFDOHJULGFRQQHFWHGV\VWHPV
7KHRXWSXWVHQHUJ\SURGXFHGWKHVPDOOXQLWVUDWHGDWMXVWDIHZKXQGUHGZDWWVXSWRN:LQFDSDFLW\
DQGODUJHXQLWVIURPN:XSWR0:LQFDSDFLW\















)LJXUH6RXUFHKWWSZZZLQWHFKRSHQFRPERRNVDGYDQFHVLQZLQGSRZHUORZVSHHGZLQGWXUELQHGHVLJQ

*ULGFRQQHFWHGZLQGWXUELQHV

*ULGFRQQHFWHGZLQGWXUELQHVDUHFHUWDLQO\KDYLQJDFRQVLGHUDEOHLPSDFWLQGHYHORSHGFRXQWULHVDQGLQ
VRPHGHYHORSLQJFRXQWULHVQDPHO\$UJHQWLQD&KLQDDQG,QGLD
7KHLQSXWVVDPHWHFKQRORJLFDOLQSXWVOLNHWKHSUHYLRXVV\VWHPEXWGLIIHUHQWLQODQGUHTXLUHPHQW0DLQO\
ODUJHVFDOHLQVWDOODWLRQVHLWKHURQODQGRQVKRUHRULQWKHVHDRQWKHFRQWLQHQWDOVKHOIRIIVKRUH&RDVWDO
ORFDWLRQVDQGIODWUXUDODUHDVZLWKRXWVLJQLILFDQWYHJHWDWLRQRUEXLOGLQJVRIIHUWKHPRVWODPLQDUZLQGIORZ
6PDOOZLQGV\VWHPVVKRXOGJHQHUDOO\EHLQVWDOOHGRQO\LQWKHVHDUHDV6LJQLILFDQWWXUEXOHQFHLVFDXVHGE\
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WHUUDLQVXFKDVVWHHSKLOOVDQGFOLIIVDVZHOODVJURXQGFOXWWHUVXFKDVWUHHVDQGQHDUE\EXLOGLQJVRUVWUXFWXUHV
8UEDQ DUHDV KDYH D SRRU ZLQG UHVRXUFH WKDW LV XVXDOO\ H[WUHPHO\ WXUEXOHQW ,Q DGGLWLRQ LQ GHYHORSHG
FRXQWULHVPRUHVPDOOHUPDFKLQHVDUHQRZEHLQJJULGFRQQHFWHG>@ILJXUHVKRZVWKHFRQWHQWVRIWKH
JULGFRQQHFWHGZLQGWXUELQHV
7KHRXWSXWVWKLVV\VWHPFDQEHXVHGLQGHYHORSLQJFRXQWULHVWRFRQWULEXWHWRDPRUHGHFHQWUDOL]HGJULG
QHWZRUN DQGRU WR VXSSRUW D ZHDN JULG:LQG WXUELQHV GR KRZHYHU JHQHUDWH HOHFWULFLW\ LUUHJXODUO\ LQ
FRUUHODWLRQWRWKHXQGHUO\LQJYDULDWLRQRIWKHZLQG7KHHQHUJ\FRPHVIURPZLQGWXUELQHVGRQRWSURGXFH
SRZHUFRQVWDQWO\DQGDWWKHLUUDWHGSRZHUZKLFKLVRQO\DFKLHYHGDWKLJKHUZLQGVSHHGVFDSDFLW\IDFWRUV
LHDFWXDODQQXDOHQHUJ\RXWSXWGLYLGHGE\WKHWKHRUHWLFDOPD[LPXPRXWSXWDUHW\SLFDOO\EHWZHHQSHU
FHQWWRSHUFHQW>@














)LJXUH
6RXUFHKWWSHOHFWULFDOHQJLQHHULQJSRUWDOFRPGRZQORDGFHQWHUERRNVDQGJXLGHVSRZHUVXEVWDWLRQVZLQGSRZHUSODQWV

6WDQGDORQHZLQGWXUELQHV

7KH LQSXWV WHFKQRORJLFDO LQSXWV WKHPRVW FRPPRQ W\SH RI VWDQGDORQH VPDOO ZLQG HOHFWULF V\VWHP
LQYROYHVWKHXVHRIDZLQGJHQHUDWRUWRPDLQWDLQDQDGHTXDWHOHYHORIFKDUJHLQDQHOHFWULFDOVWRUDJHEDWWHU\
ILJXUH7KHEDWWHU\LQWXUQFDQSURYLGHHOHFWULFLW\RQGHPDQGIRUHOHFWULFDODSSOLFDWLRQVVXFKDVOLJKWV
UDGLRV UHIULJHUDWLRQ WHOHFRPPXQLFDWLRQV HWF LUUHVSHFWLYH RI ZKHWKHU RU QRW WKH ZLQG LV EORZLQJ $
FRQWUROOHULVDOVRXVHGWRHQVXUHWKDWWKHEDWWHULHVDUHQRWGDPDJHGE\RYHUFKDUJLQJZKHQH[WUDHQHUJ\LV
GHJHQHUDWHWKURXJKDKROHORDGRUH[FHVVLYHGLVFKDUJHXVXDOO\E\VHQVLQJORZYROWDJH/RDGVFRQQHFWHG
WRWKHEDWWHU\FDQHLWKHUEH'&RU$&YLDDQLQYHUWHU>@ /DUJHUVWDQGDORQHV\VWHPVLQFRUSRUDWLQJ
ODUJHUZLQGHOHFWULFLW\JHQHUDWRUVDQGFRUUHVSRQGLQJO\ODUJHUEDWWHU\EDQNVDWDQLQFUHDVHGFRVWDUHDOVR
DYDLODEOHWKHVHPD\LQFOXGHRWKHUUHQHZDEOHHQHUJ\WHFKQRORJLHVVXFKDV39DVZHOODVGLHVHOJHQHUDWRUV
WRHQVXUH WKDW WKHEDWWHULHVDUHDOZD\VFKDUJHGDQG WKDWSRZHUDYDLODELOLW\ LVKLJK/HVVFRPPRQ LV WKH
VWDQGDORQHV\VWHPZKLFKGRHVQRWLQFRUSRUDWHDEDWWHU\EDFN7KLVLQYROYHVWKHXVHRIDZLQGWXUELQHZLWK
DWOHDVWDGLHVHOJHQHUDWRUZKLFKZLOODXWRPDWLFDOO\VXSSO\SRZHUZKHQUHTXLUHG7KLVKDVWKHDGYDQWDJH
RIQRWUHTXLULQJDEDWWHU\EDQNEXWWKHUHTXLUHGFRQWUROV\VWHPVDUHFRPSOH[/DQGUHTXLUHPHQWDVDEDVLF
JXLGHDUHDVRQWKHFRDVWRUKLOOVRQH[SRVHGUXUDOODQGKDYHEHWWHUZLQGUHVRXUFHDQGDUHDVLQXUEDQRU
KHDYLO\YHJHWDWHGODQGDZD\IURPWKHFRDVWKDYHOHVVZLQG
7KH RXWSXWV  6WDQGDORQH V\VWHPV DUH FRPPRQO\ XVHG WR SRZHU UHPRWH KRXVHV RU UHPRWH WHFKQLFDO
DSSOLFDWLRQVIRUH[DPSOHUXUDOWHOHFRPPXQLFDWLRQV\VWHPVDQGPHFKDQLFDOSRZHUIRUSXPSLQJZDWHUIRU
WKHSXUSRVHRIGULQNLQJDQGLUULJDWLRQ7KHHQHUJ\SURGXFHGZLQGWXUELQHVXVHGIRUVXFKDQDSSOLFDWLRQV
PD\YDU\EHWZHHQDIHZZDWWV WRN:7KXVZLQGWXUELQHVRIXSWRN:FDQEHXVHGIRUUXUDORU
YLOODJHHOHFWULILFDWLRQV\VWHPV>@
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
)LJXUH6RXUFHKWWSVRODUTXLSFRPDXRIIJULGRUVWDQGDORQHSRZHUV\VWHPV

)RRWVWHSVHQHUJ\

7KHLQSXWVWHFKQRORJLFDOLQSXWZKHQDSHUVRQZDONVKHORVHVHQHUJ\WRWKHURDGVXUIDFHLQWKHIRUPRI
LPSDFWYLEUDWLRQVRXQGHWFGXHWRWKHWUDQVIHURIKLVZHLJKWRQWRWKHURDGVXUIDFHWKURXJKIRRWIDOOVRQ
WKH JURXQG GXULQJ HYHU\ VWHS 7KLV HQHUJ\ FDQ EH WDSSHG DQG FRQYHUWHG LQ WKH XVDEOH IRUP VXFK DV LQ
HOHFWULFDOIRUPDQGFDQEHWHPSRUDULO\VWRUHGIRUODWHUXVH,QRUGHUWRGHYHORSDWHFKQLTXHWRJHQHUDWHWKH
HQHUJ\IURPIRRWVWHSRQHFDQXVHWKHSUHVVXUHVHQVRU7KLVFDQFRQYHUWIRRWLPSDFWHQHUJ\LQWRHOHFWULFDO
IRUP7KHZRUNLQJSULQFLSOHLVVLPSOH:KHQDSHGHVWULDQVWHSVRQWKHWRSSODWHRIWKHGHYLFHWKHSODWHZLOO
GLSGRZQVOLJKWO\GXH WR WKHZHLJKWRI WKHSHGHVWULDQ7KHGRZQZDUGPRYHPHQWRI WKHSODWH UHVXOWV LQ
JHQHUDWLRQRIHOHFWULFDOVLJQDO7KHWRSSODWHUHYHUWVEDFNWRLWVRULJLQDOSRVLWLRQGXHWRQHJDWLQJVSULQJV
SURYLGHGLQWKHGHYLFH
/DQGUHTXLUHPHQWLWLVSRVVLEOHWRLPSOHPHQWWKHGLIIHUHQWGHYLFHJHQHUDWRUVDWGLIIHUHQWSODFHVZKHUH
WKHUHLVDIUHTXHQWDSSOLFDWLRQRIWKHSUHVVXUH7KLVFRQGLWLRQLVIXOILOE\WKHSODFHVZKHUHODUJHJURXSRI
SHRSOHZDQGHULQJRUZKHUHKLJKIUHTXHQF\RIYHKLFXODUPRYHPHQWWDNHVSODFH7KHPRVWFRPPRQSODFHV
IRU WKHVHFRQGLWLRQVDUH URDGVVKRSSLQJPDOOV IRRWSDWKDLUSRUW UXQZD\V UDLOURDG WUDFNVKLJKZD\VHWF
6RPHRIWKHVHDUHH[SODLQHGEHORZ

)RRWSDWKV
)RRWSDWKLQDKLJKGHQVLW\VSDFHVLVWKHPRVWFRPPRQSODFHZKHUHWKLVGHYLFHFDQEHLPSOHPHQWHGWR
JHQHUDWHVPDOODPRXQWRIHQHUJ\GXH WRPRWLRQRI WKHSHRSOH6RPHVLPLODUSODFHVDUH LQVLGHVKRSSLQJ
PDOOVGDQFHIORRUVXEZD\DQGRXWVLGHZDONZD\VHWF,WKDVEHHQXVHGHIILFLHQWO\LQ8.LQWKH2O\PSLF
3DUN7HFKQRORJLFDOLQSXWV7KHFRQFHSWIRFXVHVRQWKHODUJHQXPEHURISHRSOHPRYLQJLQGHQVHDUHDVWR
VWHSRQWLOHVHPEHGGHGLQWKHIORRUZKLFKZRXOGXVHWKHGHYLFHWRJHQHUDWHHOHFWULFLW\WKDWFRXOGEHVDYHG
DQGXVHGILJXUH
7KHRXWSXWVHQHUJ\SURGXFWLRQDERXWWRZDWWVSHUVWHSFDQEHFRQYHUWHG8VHV,IRQHFRQVLGHUWKH
DYHUDJHHQHUJ\JHQHUDWHGSHUUXVKKRXUWKHQLWLVSRVVLEOHWRXVHWKDWHQHUJ\IRUSRZHULQJWKHORZSRZHU
HOHFWURQLFGHYLFHVVXFKDVGLVSOD\VFUHHQV>@








)LJXUHVRXUFHKWWSLQKDELWDWFRPHQHUJ\JHQHUDWLQJSDYHPHQW

(OHFWULFDO(QHUJ\
39OLJKWLQJ

3KRWRYROWDLF 39 OLJKWLQJ RU 39SRZHUHG OLJKWLQJ LV OLJKWLQJ WKDW LV DW OHDVW SDUWO\ SRZHUHG E\
HOHFWULFLW\JHQHUDWHGIURP39SDQHOVRIWHQFDOOHGVRODUSDQHOVILJXUH
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7KHLQSXWVWHFKQRORJLFDOLQSXW$39OLJKWLQJV\VWHPFROOHFWVVRODUHQHUJ\XVLQJRQHRUPRUH39SDQHOV
VWRUHVWKDWHQHUJ\LQDEDWWHU\RUVHULHVRIEDWWHULHVDQGWKHQUHOHDVHVWKHHQHUJ\WRSRZHUOLJKWVRXUFHVDW
QLJKW7\SLFDOO\39OLJKWLQJV\VWHPFRPSRQHQWVLQFOXGH39SDQHOVEDWWHULHVHOHFWURQLFVLQFOXGLQJEDWWHU\
FKDUJHFRQWUROOHULQYHUWHURUEDOODVWGULYHUDQGWLPHURUVZLWFKOLJKWVRXUFHVODPSVDQGOXPLQDLUHV>@
7KHRXWSXWV8VHVDSRSXODUH[DPSOHRI39OLJKWLQJLVWKHVRODUJDUGHQRUSDWKZD\OLJKW2WKHUH[DPSOHV
LQFOXGHSRVWWRSOXPLQDLUHVDQGSDUNLQJORW OXPLQDLUHVFDUU\LQJDVRODUSDQHORQWRS7KHVH39OLJKWLQJ
V\VWHPVDUHXVXDOO\RIIJULGRUVWDQGDORQHV\VWHPVWKHLURQO\SRZHUVRXUFHLVVRODUHQHUJ\39OLJKWLQJ
WHFKQRORJLHVDUHLQWHQGHGIRUQLJKWWLPHOLJKWLQJDSSOLFDWLRQV>@

5RRIWRSDQGEXLOGLQJLQWHJUDWHGV\VWHPV

7KHLQSXWVODQGUHTXLUHPHQWURRIWRS39DUUD\VDUHRIWHQDVVRFLDWHGZLWKEXLOGLQJVHLWKHULQWHJUDWHG
LQWR WKHP PRXQWHG RQ WKHP RU PRXQWHG QHDUE\ RQ WKH JURXQG 5RRIWRS 39 V\VWHPV DUH PRVW RIWHQ
UHWURILWWHGLQWRH[LVWLQJEXLOGLQJVXVXDOO\PRXQWHGRQWRSRIWKHH[LVWLQJURRIVWUXFWXUHRURQWKHH[LVWLQJ
ZDOOV7HFKQRORJLFDOLQSXWDQDUUD\FDQEHORFDWHGVHSDUDWHO\IURPWKHEXLOGLQJEXWFRQQHFWHGE\FDEOHWR
VXSSO\SRZHUIRUWKHEXLOGLQJ3URYLGHGWKHUHLVDQRSHQJDSLQZKLFKDLUFDQFLUFXODWHURRIWRSPRXQWHG
VRODUSDQHOVFDQSURYLGHDSDVVLYHFRROLQJHIIHFWRQEXLOGLQJVGXULQJWKHGD\DQGDOVRNHHSDFFXPXODWHG
KHDWLQDWQLJKW>@ILJXUH
7KHRXWSXWVHQHUJ\SURGXFWLRQUHVLGHQWLDOURRIWRSV\VWHPVKDYHVPDOOFDSDFLWLHVRIDURXQG±N:
ZKLOHFRPPHUFLDOURRIWRSV\VWHPVRIWHQDPRXQWWRVHYHUDOKXQGUHGVRINLORZDWWV$OWKRXJKURRIWRSV\VWHPV
DUHPXFKVPDOOHUWKDQJURXQGPRXQWHGXWLOLW\VFDOHSRZHUSODQWVWKH\DFFRXQWIRUPRVWRIWKHZRUOGZLGH
LQVWDOOHGFDSDFLW\















)LJXUH6RXUFHKWWSLQKDELWDWFRPEXLOGLQJLQWHJUDWHGSKRWRYROWDLFVPDUNHWSURMHFWHGWRTXDGUXSOHWRELOOLRQE\
6RXUFHKWWSRVODVRODUFRQ]SYV\VWHPSKS

&RQFOXVLRQ

$VVHVVLQJWKHHQHUJ\PL[KHOSVGHWHUPLQHZKLFKUHQHZDEOHHQHUJ\WHFKQRORJ\LVVXLWDEOHIRUXVHLQDQ\
VSDFH)RUH[DPSOHVRPHUHQHZDEOHVVXFKDVZLQGDQGSKRWRYROWDLFMXVWSURGXFHHOHFWULFLW\2WKHUVVXFK
DVVRODUZDWHUKHDWLQJMXVWSURGXFHKHDW2WKHUZLVHWKHPDMRUOLPLWDWLRQVLQXVLQJ5(7VLVWKHLQWHUPLWWHQW
QDWXUHRIFHUWDLQWHFKQRORJLHV)RUH[DPSOHZLQGWXUELQHVZLOOQRWSURYLGHHOHFWULFLW\ZKHQLWLVQRWZLQG\
MXVWDVVRODUHOHFWULFLW\FDQQRWJHQHUDWHDWQLJKW)RUWKLVUHDVRQDJULGFRQQHFWLRQLVUHTXLUHGWRSURYLGH
EDFNXSDQGSRZHUVWRUDJH%DWWHULHVDUHDOVRVRPHWLPHVXVHGIRUVWRUDJHDOWKRXJKWKLVLVOHVVFRPPRQ
2QFHDSSURSULDWH UHQHZDEOHHQHUJ\ WHFKQRORJ\KDVEHHQ LGHQWLILHG WKHLU LQSXWV DQGRXWSXWV VKDOOEH
XQGHUWDNHQ WR GHWHUPLQH WKH VXLWDELOLW\ RI WKH WHFKQRORJ\ LQ WHUPV RI WKHLU XVDJH LQ WKH SXEOLF VSDFHV
6WDUWLQJZLWKWKHWKHUPDOHQHUJ\SURGXFWLRQWKHVRODUWKHUPDOV\VWHPVVKRXOGRQO\EHLQVWDOOHGRQEXLOGLQJV
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ZLWKDVXIILFLHQWKRWZDWHUGHPDQGWRPDNHWKHPHFRQRPLFDOO\YLDEOH*HQHUDWLRQDQGVDYLQJVYLDDVSKDOW
SDYHPHQWWKHPDLQEHQHILFLDU\XVHVRIWKHWKLVWHFKQRORJ\DUHEXLOGLQJVKRXVHVRUUHVLGHQFLHVWKDWWKHVH
ZLOO ZLQ DQ HQHUJ\ VXSSOHPHQW DV ZHOO DV WKH VWUHHWV WKDW ZLOO EH FRROHG GRZQ WR KHOS WKH RXWGRRU
HQYLURQPHQWWREHEHWWHUIRUWKHSHRSOHZKRDUHXVLQJLW
5HJDUGLQJWKHNLQHWLFHQHUJ\SURGXFWLRQWKDWDFKLHYHGE\ZLQGXUEDQDUHDVSUHVHQWFKDOOHQJHVIRUWKH
XWLOL]DWLRQRIZLQGHQHUJ\WHFKQRORJLHV%XLOGLQJVWUHHVDQGRWKHUWDOOREVWUXFWLRQVFDQEDGO\LPSDFWZLQG
GLUHFWLRQDQGVSHHG7KHSRZHUJHQHUDWLRQSRWHQWLDORIDZLQGWXUELQHLVGHWHUPLQHGE\ZLQGVSHHGDQG
FRQVLVWHQF\RIWKHZLQGUHVRXUFH:LQGWXUELQHVDUHJHQHUDOO\PRVWHIIHFWLYHLQUHPRWHDUHDVZLWKSURYHQ
DQGFRQVLVWHQWKLJKZLQGVSHHGVDQGVPRRWKDLUIORZVZKHUHODUJHWXUELQHVFDQJHQHUDWHVLJQLILFDQWDPRXQWV
RIHOHFWULFLW\$VZHOODVDYRLGWKHYLVXDODQGQRLVHLPSDFWWKDWFDQSROOXWHWKHVXUURXQGHGDUHD)RUFRDVWDO
DUHDVDGMDFHQWWRXUEDQDUHDVZLQGIDUPVDUHJDLQLQJSRSXODULW\)RRWSUHVVXUHHQHUJ\V\VWHPKDVDQRWKHU
WHFKQRORJ\WKDWKDUQHVVWKHNLQHWLFHQHUJ\7KLVHQHUJ\FDQEHWDSSHGDQGFRQYHUWHGLQWKHXVDEOHIRUP
VXFKDVLQHOHFWULFDOIRUPDQGFDQEHWHPSRUDULO\VWRUHGIRUODWHUXVH,WLVSRVVLEOHWRLPSOHPHQWWKHGLIIHUHQW
GHYLFHJHQHUDWRUVDWGLIIHUHQWSODFHVZKHUHWKHUHLVDIUHTXHQWDSSOLFDWLRQRIWKHSUHVVXUH7KLVFRQGLWLRQLV
IXOILOE\WKHSODFHVZKHUHODUJHJURXSRISHRSOHZDONLQJRUZKHUHKLJKIUHTXHQF\RIYHKLFXODUPRYHPHQW
WDNHV SODFH7KHPRVW FRPPRQSODFHV IRU WKHVH FRQGLWLRQV DUH URDGV VKRSSLQJPDOOV IRRWSDWK DLUSRUW
UXQZD\VUDLOURDGWUDFNVKLJKZD\VDQGRXWGRRURSHQVSDFHV$ERXWWKHHOHFWULFDOHQHUJ\PDQ\39V\VWHPV
DUHUHWURILWWHGWREXLOGLQJV+RZHYHULWLVEHFRPLQJLQFUHDVLQJO\FRPPRQIRU39WREHDYDLODEOHWKDWLV
LQWHJUDWHGLQWREXLOGLQJPDWHULDOV%,39IRUH[DPSOHURRILQJ39DUUD\VDUHFRQQHFWHGLQWRWKHEXLOGLQJ
HOHFWULFDOV\VWHPYLDDQLQYHUWHU7KHYLVXDOLPSDFWRIWKHV\VWHPDJDLQVWWKHVXUURXQGLQJHQYLURQPHQWDQG
WKHFLUFXPVWDQFHVUHVXOWLQJLQDEURNHQURRIVFDSHZKHUHWKH39SDQHOVEUHDNWKHVN\OLQHDUHDQRWKHUFULWHULD
DIIHFWWKH39SDQHOVLQVWDOODWLRQ6ROD39OLJKWLQJFDQZRUNSHUIHFWO\ZLWKLQWKHSXEOLFVSDFHVZKHQHYHU
WKHHQFORVXUHLVDQRQHQFORVHGDUHDZKLFKZLOOSHUPLWJUHDWFKDQFHIRUXQVKDGHGDUHDV
$FFRUGLQJWRWKHSUHYLRXVFRQFOXVLRQWKH5(7VVXLWDELOLW\WRWKHSXEOLFUHDOPXVDJHIUDPHZRUN7DEOH
FRQFOXGHVILYHRXWRIVHYHQV\VWHPVRIWKH5(7VWKDWKDYHWKHSRWHQWLDOWREHXWLOL]HGDQGLQIOXHQFHWKH
VSDFHVRIWKHSXEOLFUHDOP7KHVHV\VWHPVKDYHGLIIHUHQWWHFKQRORJ\LQVWDOODWLRQWRROVHQHUJ\SURGXFWLRQ
ODQGUHTXLUHPHQWVDQGXVHV7KHHIILFLHQF\RIWKHHQHUJ\SURGXFHGE\WKHVHVHYHQV\VWHPVGHSHQGVPRVWO\
RQWKHWRROVWKDWLQVWDOOWKHV\VWHPDQGWKHORFDWLRQZKHUHLWKDVEHHQLQVWDOOHG$OWKRXJKWKHVHV\VWHPV
KDYHGLIIHUHQWSXEOLFODQGUHTXLUHPHQWUHJDUGLQJWRWKHLUXVDJHDQGWKHLULQVWDOODWLRQSODFHIRUH[DPSOHLW
FDQEHXVHGDV9LVXDOWHUPLQDWHSRLQWVLQGHILQLQJWKHVSDFHRUPRXQWHGRQWKHEXLOGLQJLWVHOIRULWFDQEH
XVHGDVVWUHHWIXUQLWXUHDQGRWKHUFDQEHXVHGDVDODQGVFDSHIHDWXUHEXWDOORIWKHPFDQEHLQVWDOOHGZLWKLQ
WKHSXEOLFVSDFH7KLVUHILQHGIUDPHZRUNFDQEHDSSOLHGLQIXUWKHUVWXGLHVRQDQ\H[DPSOHLQRUGHUWRFKHFN
LWV YDOLGLW\ RU HQKDQFH LW IXUWKHU PRUH $IWHU JRLQJ WKURXJK WKH H[DPSOHV WKH SK\VLFDO DVSHFWV FDQ EH
QDUURZHGGRZQ LQ WHUPVRI WKH UHOHYDQFH LQWR WKH5(7VDQGDPRUHFRPSUHKHQVLYH IUDPHZRUNFDQEH
DFKLHYHG

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7DEOH5(7VVXLWDELOLW\WRWKHSXEOLFUHDOPXVDJHIUDPHZRUN




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
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